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Abstract  
Octet-truss lattice structures can be used for light-weighting in structural applications due to their high strength-
to-density ratio. In this research, octet-truss lattice specimens were fabricated by stereolithography additive 
manufacturing with a photopolymer resin. The mechanical properties of this structure have been examined in three 
orthogonal orientations under compressive load. Detailed comparison and description were carried out on the 
deformation mechanisms and failure modes in different lattice orientations. Finite element models using both beam 
elements and 3D solid elements were used to simulate the compressive response of this structure. Both the load 
reaction and collapse modes obtained in simulations were compared with test results. Our results indicate that 3D 
continuum element models are required to accurately capture the behaviour of real trusses, taking into account the 
effects of finite-sized beams and joints.  
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1. Introduction 
Lattice structures are used in industries such as 
aerospace, automotive and medicine because of their 
high strength-to-density ratios, high energy absorption 
and high porosity.1-4 There are many ways to 
manufacture lattice structures, for example by casting, 
water-jet cutting, weaving and brazing.5-8 Recently, 
additive manufacturing techniques such as selective 
laser melting (SLM) and electron beam melting (EBM) 
have enabled direct fabrication of complex three-
dimensional lattices from computer aided design 
(CAD) models.9, 10 
In general, the macroscopic mechanical 
properties of lattice structures are closely related to 
node connectivity.11 Deshpande et al.11-12 concluded 
that stretch-dominated lattice structures generally have 
a higher specific efficiency compared to bending-
dominated lattices and that for a structure to be stretch-
dominated is should have a high nodal connectivity. 
The octet-truss lattice structure is a typical stretch-
dominated lattice, with a unit cell of a nodal 
connectivity equal to 12.13 Octet-truss lattice 
structures have been already used in sectors including 
aerospace, automotive, and medical applications. For 
example, they are used as an alternative to foams in 
lightweight structures, like sandwich panels, due to 
their higher strength-to-density ratio than bending 
lattices.12 Mechanical properties of octet-truss lattices 
have been studied extensively using theoretical and 
experimental methods. Deshpande et al.12 obtained 
closed-form expressions for the mechanical properties 
of FCC (Face-Centred Cubic) shape octet-truss lattices, 
such as modulus and strength. The octet-truss lattice is 
an anisotropic structure at the macroscopic level; the 
mechanical response is related to the structure’s 
orientation. Their expressions were verified using 
experiments on aluminium alloy octet-truss lattices 
and FE simulation with good agreement. 
O’Masta et al.14 investigated the relationship 
between fracture toughness and the relative density of 
octet-truss lattices using a lattice fabricated by a snap-
fit and vacuum brazing method. They concluded that 
the fracture toughness of octet-truss lattices increases 
linearly with both the relative density and the square 
root of the cell size. Chen et al.15 proposed an 
analytical model that considers the effect of finite 
sized joints between struts and the influence of bend 
and shear coupling to predict the compressive stiffness 
and strength of octet-truss lattices. Their analytical 
model was validated by finite element simulations and 
experimental results with varying relative densities. 
Chen et al.16 employed both experimental and 
numerical methods to research the mechanical 
behavior and energy absorption ability of octet-truss 
lattice under both quasi-static and dynamic 
compressive loading. The specific energy absorption 
(SEA) of octet-truss lattices manufactured from two 
different materials, brittle (standard grey resin) and 
ductile (durable resin), was compared with expanded 
polystyrene (EPS) foam. They showed that the brittle 
lattice structure has a low SEA, while the ductile 
lattice structure has a higher SEA but still lower than 
the EPS foam. 
Recently, Gu et al.17 performed a numerical 
analysis to study the mechanical properties of octet-
truss lattices in three different orientations. The study 
revealed the influence of lattice orientations on the 
mechanical behaviour, including modulus, strength 
and fracture toughness. Gu et al.18 also conducted 
fracture tests to investigate the orientation effects on 
octet-truss lattice fracture toughness and the crack 
paths, and the measured results were compared with 
the predicting results using Finite Element (FE) 
analysis. However, there are few studies on the effects 
of different orientations on the mechanical properties 
of octet-truss lattice structures, especially in 
experimental research. It is important to understand 
the mechanical response of octet-truss lattice 
structures with different orientations under 
compressive load, because the anisotropic lattice 
structures with different orientations often have 
different bearing capacities and mechanical reactions. 
Only with improved understanding of the mechanical 
response of octet-truss lattice structures with different 
orientations can they be better applied in lightweight 
supporting structures. 
The present research aims to investigate the 
mechanical behaviour and compressive response of 
octet-truss lattice in three different orientations (which 
will be defined in the next section) by using both 
experimental and finite element methods. Several 
lattice specimens manufactured by stereolithography 
(SLA) printing were investigated under compressive 
loading in three orientations. The deformation 
mechanisms and failure modes in three orientations 
were described in detail and compared with each other. 
The mechanical parameters such as elastic moduli, 
compressive strengths and Poisson’s ratios were also 
obtained in the tests and compared with the FEM 
simulating results.  
 
2. Experimental procedures 
2.1 Specimen manufacture 
Figure 1 presents the definition of lattice 
orientations and configuration of unit cell structure. 
The orientations were defined based on the loading 
direction and local coordinate of the unit cell. The 
theoretical relative density ?̅?𝑡ℎ  of the lattice can be 
calculated using the first-order approximation: 
 
?̅?𝑡ℎ = 6√2𝜋(𝑟 𝑙⁄ )
2            (1) 
 
where r is the strut radius, and l is the strut length. 
The actual relative density ?̅?𝑎𝑐  can be obtained 





               (2) 
 
where 𝜌𝑙𝑎𝑡𝑡𝑖𝑐𝑒   is the density of the lattice structure 
and 𝜌𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙  the density of the material of which the 
lattice is made. The tensile strength of the structure can 
be related to the relative density ?̅? and material failure 
strength 𝜎𝑓 by reference 17: 
 
𝜎𝑡
𝐼 = 𝐶𝐼?̅?𝜎𝑓               (3) 
 
where I equal to X, Y or Z, and CI is a constant 




Figure 1. Definition of lattice orientations. The compressed solid represents the lattice structure and the cell 
orientations are defined by loading direction and local coordinate of the unit cell. 
 
The geometry of the lattice specimen used in 
this work is shown in Figure 2. The designed 
nominal diameter of the struts is 2 mm and their 
nominal length is 10mm. The overall designed 
dimensions of the specimen are 51.96mm ×
48.99mm × 50mm to make sure at least three 
cells distributed in each side to reduce surface 
effects and the three sides of the specimen have 
similar size. 
 
Figure 2. The designed dimensions of unit cell and lattice specimen. Left diagram shows the overall design 
dimensions of lattice structure and right diagram shows the design details for individual cell. 
 
Stereolithography Apparatus (SLA) printing 
technique was used to manufacture this structure, 
because it has the advantage of high printing precise 
and smooth printing surface. SLA printing can be 
created high-quality samples cheaper than equivalent 
metal printing methods such as selective laser 
sintering (SLS) and selective laser melting (SLM). 
Individual struts in a SLA lattice structure exhibit 
excellent cross-sectional uniformity and mechanical 
uniformity.10,16 Therefore, SLA printing is a good 
choice for studying the mechanical behaviour of 
“perfect” lattice structures experimentally.  
To manufacture the specimens, a three-
dimensional lattice model was first designed using the 
Solidworks 2016.19 Next, the STL file produced by the 
CAD software was imported into a ZRapid iSLA 660 
3D printer machine to be sliced into 2D layers. Finally, 
the ZR680 photopolymer resin was converted from 
liquid into 3D solid plastics in a layer-by-layer fashion 
by using high-powered ultra-violet (UV) laser. The 3D 
printer had layer resolution ranging from 50 to 100 μm, 
controlled by the optical size of the UV laser. In this 
study, a 50 μm layer resolution was used to print all 
the specimens. The laser power was set to 3000 mW. 
After printing, the specimens were cleaned in a 
solution (95% ethanol) to remove support material and 
flash. After being washed, the specimens were placed 
in a UV oven for further hardening. The SLA printing 
machine used in this research and the schematic 
diagram of stereolithography setups are shown in 
Figure 3. All printed specimens had a smooth surface 
after post-processing. The mean dimensions of the 
nine specimens, measured using digital calipers, 
are 49.85mm × 47.75mm × 47.77mm  (contrast 
with the designed dimensions in Figure 2). The mean 
diameter of the individual strut measured by total 27 
struts in different sides of nine specimens is 2.1mm. 
The theoretical relative density calculated using 
equation (1) and measured actual relative density are 
presented in Table 1.
 
 
Figure 3. The ZRapid iSLA 660 printer (left) and a schematic diagram of stereolithography setup (right). At the 
beginning of printing, the platform is a little below the liquid resin, where the UV laser then hardens the first layer. 
Next, the platform moves a little further below resin, and layering process repeats until a complete 3D object is 
formed. 
 
Table 1. Relative density of octet-truss lattice 
designed strut dimension, r/l mean volume, cm3 mean mass, g ?̅?𝑡ℎ ?̅?𝑎𝑐 
1/10 113.71 36.96 0.267 0.262 
 
2.2 Mechanical testing of basic material 
Material properties of the 3D printed 
photopolymer resin were determined by tension and 
compression tests on solid specimens. Tensile 
specimens according to ASTM D638 and cylindrical 
compressive specimens with ASTM D695 were 3D 
printed using the same printing parameters as the 
lattice specimens.20-21 The dimensions of these 
specimens are shown in Figure 4.
  
    
(a)                               (b) 
Figure 4. The dimensions of compressive specimen (a) and tensile specimen (b). 
 
Tensile tests were performed using an Instron 
8872 hydraulic test machine equipped with a 25 kN 
load cell. Displacement control was used with a rate of 
1.25 mm/min. Three specimens were tested using the 
same test conditions. A Zwick Roell 1466 test machine 
equipped with a 50 kN load cell was used for the 
compressive tests. Displacement control was used 
with a rate of 1.3 mm/min. Five cylindrical specimens 
were tested with a mean diameter D=12.7 mm and 
initial length l0=25.4 mm. Several different factors 
affect mechanical properties in stereolithography 
printing, and size effect and thickness effect have the 
insignificant influences.22-24 The individual lattice 
struts are small, which would make it challenging to 
perform accurate tensile tests. Therefore, the printed 
standard test specimens were used as a substitute to 
obtain a mechanical response representative of strut 
elements. 
Figure 5 presents the engineering stress-strain 
curves for the 3D printed material. In the tensile tests 
a toe region was observed in the test results. This 
region was removed for the results presented in Figure 
5 using the procedure described in ASTM D638.20 
During the material tests, the specimen failed at a 
relatively small strain under tensile load, while under 
compressive load the cylindrical specimen only 
showed the typical barreled shape and no shear failure 
occurred. Only part of the compression curve was 
shown in Figure 5, because the complete compressive 
curve has large compressive strain and if the scope of 
x-axis is too large to visually show the performance of 
tensile curve. The material properties measured in the 
tests are compared with those obtained from the 
material supplier in Table 2.
 
 
Table 2. Mechanical properties of basic material 




Failure strain Poisson's ratio Density g/cm3 
Measured 2.415 58 0.05 —— 1.24 
Supplier 2.500~3.000 45~54 0.11~0.2 0.23 1.3 
 
 
Figure 5. Stress-strain curves of 3D printed material. The 
curve in upper right of the graph represents the tensile 
response of material, while the bottom left curve is only 
part of the compression curve and cylindrical specimens 
did not break during the compression test. 
 
2.3 Compression tests of lattice structure 
Compression tests of lattice specimens for the 
three different orientations were carried out using a 
Zwick Roell 1466 testing machine using displacement 
rate of 1.3mm/min. Three specimens were tested for 
each orientation. An iMETRUM video gauge system 
was used to record the displacements of a sequence of 
reference points, as shown in Figure 6 for a Y-
orientation compressive specimen.25 These 
displacements were used to calculate the Young’s 
moduli and Poisson’s ratios of the structures. 
Individual frames from the videos were also extracted 
to illustrate the mechanisms of progressive collapse of 
the structures as shown in Section 4.
 
 
Figure 6. Lattice compressive tests (left) and example of reference points (right). The data from middle two 
columns was used to calculate longitudinal strain of lattice structure and data from three rows was used for 
transverse strain. The ratio of strains in the elastic regime gives the Poisson's ratio. 
 
3. Finite element simulation 
Finite element models of three-dimensional 
lattice structures usually either use beam elements or 
3D solid elements. A model using beam elements has 
much lower computational cost but it is difficult to 
accurately model manufacturing defects and the 
detailed geometry of joints between the struts.26 
Attempts have been made to address the problems 
caused by the use of beam elements. Each strut may be 
discretized using several beam elements with different 
properties to model more accurately 3D printed struts 
with varying cross-sections.27-28 Labeas et al.29 
increased the diameter for each strut near its ends to 
model better geometry of the joints, while Luxner et 
al.30 achieved the same result by increasing the 
material modulus in the vicinity of the joints. 
The commercial FEA software Abaqus 2017 
version was used to simulate the response of the octet-
truss lattice to compressive load in order to evaluate 
numerical deformation behavior with the experimental 
data.31 The explicit dynamics procedure was used in 
numerical analysis and geometrical nonlinearity was 
taken into account. The photopolymer resin used to 
fabricate lattices was modelled as an elastic plastic 
material with isotropic hardening. The material data 
was obtained from the uniaxial tests in Table 2, where 
the density is 1.24 g/cm3, Young’s modulus is 2.415 
GPa, Poisson’s ratio is 0.23 and the yield strength is 
54.06 MPa. Element deletion method was used to 
model the strut failure in tests. Failure initiates when 
the maximum strain in the element reaches 0.032 
which is obtained from the tensile test. The 
degradation of the material stiffness was described by 
a damage variable B, when B = 1 the material point has 
completely failed and the corresponding element is 
deleted from the model. Beam elements and solid 
elements were both used to model the lattice structure. 
Two beam element models were used. In the first beam 
element model the diameter of the struts was set to 2.1 
mm to match the measured diameter of the struts. In 
the second model, the diameter of the struts was 
increased to 2.94 mm over for the last 1 mm of the 
length of each strut, following the method of Labeas et 
al.29 In these two beam models, each strut is meshed 
by using three dimensional, shear deformable, linear 
beam element B31 with 1 mm seed size to consider the 
transverse shear deformation of short strut. For the 
solid element model, a 4-node linear tetrahedral 
element C3D4 was used with 0.5 mm seed size. In 
these simulations, 2D beam element models contained 
approximately 12000 elements and 3D solid element 
models had nearly 2600000 elements. 
Two rigid plates were created to apply a vertical 
displacement as the experiment to the lattice model. A 
fixed displacement condition over all degrees of 
freedom was applied in the lower free surface of lower 
rigid plate, and the upper plate can move along the 
load direction. A hard contact condition was used 
between the plates and the lattice structure. The 
contact property in tangential direction between plates 
and lattice was identified as frictionless, because of the 
smooth surfaces of lattice struts and metal plates. 
Figure 7 shows the FE models of a unit cell from the 
specimen for different elements.
 
 
Figure 7. FE models for different elements: (a) beam element, (b) beam element with material concentration, and 
(c) solid element. An individual strut in both beam models consists of ten beam elements, and the solid element 
model has a mesh seed size of 0.5 mm. 
 
4. Results and discussion 
4.1 Experimental results and failure 
mechanisms 
Since the 3D printed photopolymer resin used in 
the tests exhibited distinctly brittle performance, the 
lattice specimens ruptured as soon as the struts reached 
the critical strain, so no densification phenomenon 
happened during the tests. In order to study the 
structure’s mechanical response, the nominal stress 
and nominal strain of lattice structure were defined to 
distinguish from localized stress and strain in lattice 
individual struts. Nominal stress and strain are the 
applied parameters of lattice structures, which should 
be calculated by dividing the lattice structure’s 
dimensions (engineering strain stress for the whole 
specimen). Figure 8 depicts the nominal stress-strain 
curves of representative octet-truss lattice specimens 
in three different orientations under compression load. 
In octet-truss lattice structures, applied load is 
generally carried by struts under tension and 
compression, while the bending struts have a second 
order effect on lattice strength.17 The stress states of 
unit cell under compressive load according to the 
analytical model in reference 17 is illustrated in Figure 
9, in which red, blue and grey colours respectively 
represent struts under tension, compression and 
bending-dominated conditions. The analytical model 
is an individual cell derived from the infinite lattice 
structure. Although the stress distribution in this model 
will vary from that of any individual cell in an actual 
lattice structure, it will roughly reflect the mechanical 
behaviour of the structure in the elastic regime. For 
example, Gu et al.17 have used a single-cell model of 
this type to obtain the theoretical strength of infinite 
octet-truss lattice structures in different orientations. 
As shown in Figure 9, most of the struts in Z-
orientation mainly under tension and compression, 
while only a few vertical struts in Y-orientation under 
compression dominated. Therefore, Z-orientation has 
the maximum load bearing capacity and Y-orientation 
has the minimum one, which can be validated by test 
results in Figure 8. The compressive strength and 
standard deviations of all lattice specimens is shown 
in Table 3; the compressive strength values have low 
scatter. The mean compressive strengths of lattice 
structure measured in X, Y and Z orientations are 
4.25 MPa, 3.50 MPa and 5.32 MPa, respectively. The 
tensile strength of the material is 58 MPa (see Table 2). 
Equation (3) was used to normalize the compressive 
strength and obtain the dimensionless parameter CI, 
which defined as normalized strength, for different 
orientations are 0.28, 0.23 and 0.35.  











































Figure 8. Compressive stress-strain curves of octet-truss 
lattice in different orientations. The roman numerals 




(a) Orientation-X            (b) Orientation-Y             (c) Orientation-Z 
Figure 9. Octet truss unit cell under compression. Red indicates struts mainly under tension, blue indicates struts mainly 
under compression, and grey indicates struts mainly under bending.
  
Table 3. Compressive strengths of lattices in different 
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3 4.84 
 
In order to better understand the deformation 
process of specimens with different orientations, 
individual frames extracted from videos are presented 
in Figure 10. Figure 10 illustrates the deformations of 
lattices and the associated nominal strain, as well as 
the failure modes and failure strain. The subscripts of 
the strain in these figures correspond to the main 
stages in Figure 8. Lattice structures in X and Z 
orientations both went through three steps of failure. 
In the compression process of X and Z orientations, 
the structures initially experienced a linear elastic 
phase and then a nonlinear one. Finally, the lattice 
structures failed explosively. Octet-truss lattice made 
by photopolymer resin exhibited typical brittle 
behavior in X and Z orientations. During the 
compression procedure, X and Z orientations show 
similar deformation patterns in different layers. After 
the linear elastic phase in orientation-X, damage 
initiated at the strut joints where stress concentrations 
happened, shown in red circles in Figure 10(b). Finally, 
the lattice structure in orientation-Z broke drastically 
into more pieces than orientation-X, because more 
struts in orientation-Z under tension than that in 
orientation-X and known from Figure 5 that the failure 
mode of photopolymer resin used in the tests is tensile 
failure. 
The failure of lattice structures in orientation-Y 
has a more complex mechanism. Dashed red lines are 
drawn to the center of the struts at the boundary of 
specimen to emphasize the deformation pattern of 
these struts. After a linear elastic phase, the vertical 
struts in the left and right sides acted as one column, 
which became unstable and buckling occurred, as 
shown in Figure 10(e). As the experiment went on, 
deformation of vertical struts at the edge of structure 
was constrained by inclined struts, so the edge vertical 
struts began to buckle individually and the load 
capacity increased slightly presented in Figure 10(f). 
Because different column with the same cross-section, 
if the column is shorter the Euler's critical load is larger. 
After this, when the compressive load reaching the 
peak value, damage initiated at the struts where the 
specimen contacted with compression plates shown in 
Figure 10(g) in red circles. In Figure 10(h), a red circle 
denotes that some struts failed and separated from the 
lattice structure, then the reaction force decreased 
instantly corresponding to step V in Figure 8. The 
failure mode of orientation-Y lattice is stable buckling 
failure of edge struts with part of struts crushed in the 
lattice structure, so the specimen can still be intact. In 
general, the failure of the broken struts starts at the top 
or bottom layers where specimen is contact with the 
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𝜀𝐼𝐼𝐼 = 0.053 
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Figure 10. Deformation modes of octet-truss lattice specimens: (a)~(c) Orientation X, (d)~(i) Orientation Y, (j)~(l) 
Orientation Z. Orientations X and Z exhibit semi-brittle failure and red circles represent locations where failure 
first initiates in strut joints. Orientation Y exhibits ductile behaviour. Red dashed lines show the deformation 
pattern of selected struts. 
 
The stress-strain responses of these lattices are 
complicated. In order to obtain the elastic moduli of 
lattice on different orientations, the relationship 
between stress gradient and strain of different 
orientation lattices was acquired using secant method 
for the adjacent data points. The stress gradient 
changing with strain is shown in Figure 11. The linear 
elastic region of the lattice specimens following the 
increasing gradient below 0.01 strain, which is due to 
the full contact between specimen and compressive 
platen. All the three orientations lattice have linear 
elastic reaction between 0.015 and 0.025 strain, so the 
elastic moduli are extracted from this region. The 
mean elastic moduli of X, Y and Z orientations lattice 
are 127.99MPa, 114.48MPa and 145.52MPa, 
respectively. Like the normalized compressive 
strengths, the normalized elastic moduli can also be 
calculated by a similar formula 𝐸𝑒𝑥𝑝 (?̅?𝐸𝑆)⁄  . The 
elastic modulus of this material measured is 2.415 GPa, 
so normalized moduli for X, Y and Z orientations are 
0.20, 0.18 and 0.23. 





















Figure 11. The stress gradient of lattices on different 
orientations. The increasing gradient below 0.01 strain due 
to the full contact between specimen and compressive 
platen. 
 
    The Poisson’s ratios of different orientations 
were also calculated by using the transverse strain 
divided the vertical strain obtained from video gauge 
data. The same surface was photographed by the video 
gauge in orientations X and Y, so only two Poisson’s 
ratios, i.e. 𝑣𝑥𝑦  and 𝑣𝑥𝑧 , were obtained in this study. 
According to the definition of Poisson’s ratio, it is only 
for linear elastic deformations. The Poisson’s ratios 
measured in the tests became stabilized and gradually 
asymptotic to a stable value when the strain of 
specimens near 0.015, and the specimens have strain 
between 0.015 to 0.025 are linear elasticity. Therefore, 
the measured 𝑣𝑥𝑦  and 𝑣𝑥𝑧 between this linear elastic 
strain range are 0.37 and 0.24 the Poisson’s ratios of 
lattice specimens. 
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Figure 12. Poisson’s ratios for different orientations. The 
dashed lines (blue and red) represent the change of 
Poisson's ratio measured by the experiment. The fluctuation 
of the measured Poisson's ratios is due to full contact being 
made between the specimens and compressive platen. 
 
4.2 Simulation results and evaluation 
In this section, the simulation results of different 
element types and comparisons are presented. Figure 
13 illustrates the mechanical response of lattice 
structure in different orientations, and negative value 
represents compressive load. The displacement and 
reaction force data were obtained from the reference 
point of the upper rigid plate. It can be observed from 
Figure 13 that the finite element results of solid 
element are in good agreement with the experimental 
results in all three orientations. The solid model 
predicts the initial stress, elastic stiffness and 
compressive strength values are in accordance with the 
experimental results. In the contrast, beam element can 
only predict well the elastic region, and the predicted 
collapse strain smaller than the test results. For 
constant cross-section beam model, the predicted 
critical loads of lattice failure are also smaller than the 
real values, and the material concentration beam 
models can obtain more accurate results. Beam models 
with a finer mesh were also performed to exclude the 
effect of mesh size on results. This demonstrated that 
the use of a finer mesh did not significantly affect 
simulation. The comparison between predicted 
mechanical parameters from solid element and 
experimental results are shown in Table 4, and the 
numerical predictions agree well with the 
experimental results. 
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Figure 13. Load-displacement curves for different lattice 
orientations: (a) Orientation-X, (b) Orientation-Y, (c) 
Orientation-Z. The green and blue lines (represent beam 
models) reach the extreme values and drop earlier than the 
red line (solid model) because some struts in the models 
collapsed in advance during compression. 
 
Table 4. The comparison of measured mechanical 




Orientation-X Orientation-Y Orientation-Z 
𝐸𝑒𝑥𝑝/(?̅?𝐸𝑠) 0.20 0.18 0.23 
𝐸𝐹𝐸/(?̅?𝐸𝑠) 0.22 0.22 0.20 
𝜎𝑒𝑥𝑝/(?̅?𝜎𝑓) 0.28 0.23 0.35 
𝜎𝐹𝐸/(?̅?𝜎𝑓) 0.30 0.22 0.33 
Poisson’s ratio 𝑣𝑥𝑦 𝑣𝑦𝑧 𝑣𝑥𝑧 
𝑣𝑒𝑥𝑝 0.37 —— 0.24 
𝑣𝐹𝐸  0.33 0.15 0.25 
*𝜎𝑒𝑥𝑝 is the measured lattice compressive strength and 
𝜎𝐹𝐸 is the FE predicted compressive strength 
 
The deformation patterns of experimental results 
compared with finite element results under the related 
strains are presented in Figure 14. The lattice 
deformation was adequately predicted by the model 
using solid elements, including the uniform 
deformation in X and Z orientations and buckling of 
edge struts in the Y orientation. In contrast, the 
simulating results using beam elements in orientation-
X crushed in the top layer, and the deformation model 
in orientation-Y was observed that a shear band at 60° 
was formed during the compressive process. The 
deformation prediction of beam element in Z 
orientation was well agreed with the experimental 
result if the collapse of some struts in the central layer 
was disregarded. This response was also reflected in 
the load–displacement curves in Figure 13, and beam 
model in orientation-Z can predict a better load trace 
comparing with orientation-X and orientation-Y beam 
models. The first reason that the beam models do not 
reflect the mechanical response of this lattice structure 
is that the geometry of joints cannot be accurately 
modeled. Also, beam elements do not satisfy the struts 
have large strut slenderness ratio (d/L). According to 
the beam theory used in Abaqus, shear flexible beam 
theory can provide useful results for slenderness ratio 
up to 1/8. Beyond this ratio, the approximations that 
allow the member's behavior to be described solely as 
a function of axial position no longer provide adequate 
accuracy.32 Ahmadi et al. have researched the apparent 
density effects on the mechanical properties of 
diamond-type lattice structures, showing that with the 
increase of apparent density, i.e. the slenderness ratio 
of lattice struts gets larger, the beam element 
simulation results deviated from the experimental 
results.33 Dong et al. also showed that beam elements 
are not applicable to stout struts because the 
assumption of beam element requires slender struts.26 
Therefore, 3D solid elements are recommended to 
























Figure 14. The comparison of deformation patterns between experiments and simulations. Images in the middle 
column shown simulation results from beam model with material concentration, which have similar deformation 




The orientation effects on mechanical properties 
of octet-truss lattice structure, made of photopolymer 
resin by Stereolithography Apparatus (SLA), were 
studied using experimental testing and finite element 
simulation. Octet-truss lattice structures in orientation-
Z and orientation-X have better load bearing capability 
and fail at small nominal strain, while this structure in 
orientation-Y has the opposite performance. The 
normalized compressive strengths of this structure 
made of photopolymer resin in X, Y and Z orientations 
measured are 0.28, 0.23 and 0.35, respectively. 
Simulation results from solid element models have 
better agreement with the experimental results than 
those from 3D beam element models, both in terms of 
the mechanical responses and deformation patterns in 
all three orientations. Mechanical parameters such as 
Poisson’s ratios, normalized elastic moduli and 
compressive strengths obtained from the solid element 
models agree very well with the results measured from 
tests in all three orientations. 
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